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Stevioside is a naturally occurring diterpenoid glycoside in 
Stevia rebaudiana Bertoni. The title compound, C 38 H 60 O 18 -- 
4CH 3 OH, crystallized as its methanol tetrasolvate. Stevioside 
consists of an aglycone steviol (a tetracyclic diterpene in which 
the four-fused-ring system consists of three six-membered 
rings and one five-membered ring) and a sugar part (three 
glucose units). A weak intramolecular O— H- ■ O hydrogen 
bond occurs. In the crystal, the methanol molecules participate 
in a two-dimensional hydrogen-bonded network parallel to b 
axis with the sugars and together they form a hydrophilic 
tunnel which encloses the lipophilic part of the molecule. 

Related literature 

For low-calorie sweeteners, see: Bertoni (1905); Kinghorn 
(2002). For the Joint FAO/WHO Expert Committee on Food 
Additives, see: JECFA (2010). For the US Food and Drug 
Administration granted regulatory acceptance of Rebaudio- 
side A, see: FDA (2008) and of mixtures of steviol glycosides, 
see: FDA (2010). For European Union approved steviol 
glycosides, see: OJ L (2011). For commercilization of glycoside 
sweeteners from S. rebaudiana, see: Prakash et al. (2008); 
Wolwer-Rieck (2012). For a related structure, see: Prakash & 
Upreti (2011). For puckering parameters, see: Cremer & Pople 
(1975). 




■ 4CH,OII 



Experimental 

Crystal data 

C 3 8H 6 o0 18 -4CH 4 0 
M r = 933.03 
Monoclinic, P2 1 
a = 15.0413 (2) A 
b = 7.7866 (1) A 
c = 19.6443 (3) A 
B = 96.231 (1)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 1999) 
T min = 0.699, r maI = 0.906 

Refinement 

R[F 2 > 2a(F 2 )] = 0.030 

W R(F 2 ) = 0.076 

S = 1.05 

7325 reflections 

612 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2287.16 (5) A 3 
Z = 2 

Cu Ka radiation 
li = 0.92 mm -1 
T = 100 K 

0.42 x 0.14 x 0.11 mm 



29032 measured reflections 
7325 independent reflections 
7174 reflections with / > 2a(I) 
R<„, = 0.031 



H-atom parameters constrained 
A/w = 0.34 e A~ 3 
Ap min = -0.35 e A" 3 
Absolute structure: Flack (1983), 

2830 Friedel pairs 
Flack parameter: 0.11 (9) 



D-ft -A 




D—H 


ft-. A 


D-A 


D-ft-A 


04S-H40S- 


■013' 


0.84 
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169 
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154 
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157 
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2.7080 (19) 
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2.7217 (18) 
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154 
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0.84 
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2.6558 (17) 
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04-H40- ■ 015 
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160 


03-H30- ■ 015 


0.84 
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165 


Symmetry codes: (i) x 
-x + 2,y+l,-z + l;(v)x 


-l,y,z; (ii) 
,y + l,z; (vi) 


x- 1,)>4 
-x + 2, y - 


-l,z; (iii) a- 4 
h-z + l. 


\,y — 1, z; (iv) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
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structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008). 

This work was funded through Ironstone Separations, Inc., 
147 County Road 245, Etta, Mississippi, USA, 38627. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: JJ2161). 
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Stevioside methanol tetrasolvate 

Yunshan Wu, Douglas L. Rodenburg, Mohamed A. Ibrahim, James D. McChesney and Mitchell 
A. Avery 

Comment 

Stevia rebaudiana Bertoni (Asteraceae), first identified in 1905 by the botanist Bertoni, is a perennial bush indigenous to 
the mountainous regions of Paraguay and Brazil, and is well known to produce a mixture of high-potency sweet 
compounds that have been in the market since the 1970's as low-calorie sweeteners (Bertoni, 1905; Kinghorn, 2002). 
Stevioside is one of these low-calorie sweeteners. The native cultures of Paraguay and Brazil have safely used stevia for 
sweetening for centuries. The Joint FAO/WHO Expert Committee on Food Additives has established a monograph for 
Steviol Glycosides (JECFA, 2010). The United States Food and Drug Administration granted regulatory acceptance of 
Rebaudioside A (FDA, 2008) and mixtures of steviol glycosides (FDA, 2010) followed by the European Union approved 
steviol glycosides for marketing (OJ, 2011). The world demand for Stevia leaves is expected to exceed 6-8 million metric 
tonnes in the next 10 years. Stevioside and Rebaudioside A, also knownas Rebiana, are the major glycoside sweeteners 
from S. rebaudiana which have been commercialized for human consumption throughout the world (Prakash et al. 2008; 
Wolwer-Rieck, 2012). 

Stevioside has several different polymorph forms (Prakash & Upreti, 2011). These polymorph forms include methanol 
or ethanol solvate, hydrate and amorphous. These different polymorphic forms would affect the physical properties like 
melting point, solubility and density. The powder X-ray patterns of these forms have been documented; however, no 
single-crystal results have been reported so far. Here we report the structure of stevioside methanol solvate. 

The asymmetric unit contains one stevioside and four methanol molecules (Fig. 1). Stevioside has an aglycone portion 
and a sugar portion. The aglycone is a tetracyclic diterpene in which the four fused ring system consists of three six 
membered rings and one five membered ring. Rings A, B and C form chair conformations with the puckering parameter 
(Cremer & Pople, 1975) Q = 0.550 (2)A, 0 = 175.6 (2)° and <p= 255 (3)°; Q = 0.5753 (17)A, 0 = 166.72 (17)° and <p= 
191.3 (8)°; Q = 0.6355 (17)A, 0 = 24.09 (16)° and tp= 281.3 (4)°, respectively. The five-membered ring D forms an 
envelope conformation with the puckering parameter Q = 0.4791 (19)A, <p= 24.6 (2)°. These ring systems form the hydro- 
phobic part of the molecule. The three sugars are all /3-D glucopyranoses (E, F, G) and they all form chair conformations 
with the puckering parameters Q = 0.5660 (17)A, 0 = 9.94 (16)°, <p = 4.3 (10)°, Q = 0.6026 (17)A, 0 = 3.01 (16)°, <p= 
72 (3)° and Q = 0.5861 (19) A, 0 =1.56 (18)°, q>= 358 (7)°, respectively. One sugar is attached to the carboxylic acid 
functional group at C4 while the other two sugars are linked as 2pightarrowl and attached to C13. The sugar attached to 
the carboxylic group at C4 has been shown to be linked on an axial position instead of an equatorial position. 

Stevioside and four methanol molecules were stablized by an extensive hydrogen bonding network and a weak 04 — 
H40— 015 intramolecular interaction (Table 1). These hydrogen bonds and weak interaction further link two adjacent 
asymmetric units to form a hydrophilic layer. The aglycon part of the stevioside forms a hydrophobic nucleus. This 
bilayer system acts like an oil in water system (Fig. 2). This is believed to increase the solubility of stevioside. 
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Experimental 



The title compound was isolated by selective crystallization from a commercially available extract of Stevia rebaudiana. 
The composition of the extract was approximately 42% Rebaudioside A, 31% Stevioside, 10% Rebaudioside C by HPLC 
analysis with the remaining 13% of the extract being minor steviol glycoside components. Stevioside was crystallized 
from a 90/10 v/v methanol/water mixture containing dissolved extract. The isolated Stevioside was then re-crystallized 
from methanol to greater than 95% purity, and further re-crystallized to produce crystals suitable for crystallography. 



All the H atoms were placed in their calculated positions and then refined using the riding model with Atom — H lengths 
of l.OOA (CH), 0.99A (CH 2 ) or 0.98A (CH 3 ). Isotropic displacement parameters for these atoms were set to 1.2 (CH, 
CH2) or 1.5 (CH3) times U eq of the parent atom. H atoms on hydroxyl were initially found in the difference map and then 
constrained to their parent atoms as riding model with £4o(H) = 1.2Ueq of parent atoms. 

Computing details 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Broker, 2009); data reduction: SAINT (Broker, 2009); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farragia, 2012); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 



Refinement 






Figure 1 

Molecular structure of stevioside methanol solvate with displacement ellipsoids at 30% probability level. 
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Figure 2 

Packing diagram of the title compound viewed along the b axis. Dashed lines indicate O — H-0 hydrogen bonds and 
weak O — H - 0 intermolecular interactions. Hydrogen atoms not involved in hydrogen bonding have been deleted for 
clarity. 

Stevioside methanol tetrasolvate 



Crystal data 

C 38 H 60 O 18 -4CH 4 O 
M r = 933.03 
Monoclinic, P2\ 
Hall symbol: P 2yb 
a = 15.0413 (2) A 
b = 7.7866 (1) A 
c = 19.6443 (3) A 
P= 96.231 (1)° 
V= 2287.16 (5) A 3 
Z=2 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and a) scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 1999) 



F(000) = 1008 

D x = 1.355 Mgnr 3 

Cu Ka radiation, X = 1.54178 A 

Cell parameters from 9008 reflections 

(9 = 2.3-68.8° 

fi = 0.92 mnr 1 

T= 100 K 

Block, colourless 

0.42 x 0.14 x 0.11 mm 



29032 measured reflections 
7325 independent reflections 
7174 reflections with/> 2a(T) 
R«t= 0.031 

ft™ = 69.4 0 ,flU = 2.3° 



= 0.699, T m 



0.906 



k = -9— »9 
/ = -23^22 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F- > 2o(F 2 )] = 0.030 
wRiF) = 0.076 
S = 1.05 
7325 reflections 
612 parameters 
1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > oiF 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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z 


II *IU 

^ ISO ' ^ eq 


01 


0.62491 (8) 


0.4165 (2) 


0.08527 (6) 


0.0244 (3) 


02 


0.68765 (8) 


0.61200 (18) 


0.15946 (6) 


0.0195 (3) 
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0.29267 (6) 
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0.027 (6)* 


04 
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0.044 (8)* 


08 


1.15787 (7) 


0.19208 (16) 


0.27168 (6) 


0.0155 (2) 


09 


1.09935 (7) 


0.37255 (16) 


0.38503 (6) 


0.0148 (2) 


O10 


1.21599 (8) 


0.29684 (17) 


0.51152 (6) 


0.0182 (3) 


H10O 


1.2178 


0.3842 


0.5367 


0.029 (6)* 
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0.5406 
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Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = lli^iF 2 ) + (0.0397P) 2 + 0.7153P] 

where P = (F 2 + 2F 2 )/3 
(A/txU. = 0.007 
Ap max = 0.34 e A" 3 
Ap min = -0.35 e A" 3 

Absolute structure: Flack (1983), 2830 Friedel 
pairs 

Flack parameter: 0.11 (9) 
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0.0138 (8) 


A A 1 C A 

0.0159 


(8) 


A AAAA SH\ 

—0.0009 ( /) 


A AAAO f£\ 

0.000Z (6) 


A AAA 1 SH\ 
0.0001 (/) 


PTO 

L28 


A A 1 O O 

0.0133 


J) 


A A 1 O 1 ZO\ 

0.0131 (8) 


A A1 C A 

0.0154 


(8) 


A AA1 A SH\ 

0.0010 (7) 


A AA 1 O i £\ 

0.0013 (6) 


A A A 1 O SH\ 

0.0012 (7) 


po a 


0.0174 




AAIOO ZO\ 

0.0133 (8) 


0.0136 


(8) 


A A A 1 1 P1\ 

-0.0011 (7) 


A AAOA / £ \ 

0.0030 (6) 


A AA 1 1 /n\ 

0.0011 (7) 


PTA 

L30 


A A 1 ^O 

0.0162 


k 8) 


A A 1 A O ZO\ 

0.0143 (8) 


A A 1 CI 

0.0153 


(8) 


A AAAA /"7\ 

0.0000 (7) 


A AA 1 O I £\ 

-0.0013 (6) 


A A A 1 A /"7\ 

0.0010 (7) 


pi i 
C31 


A A 1 /I "7 
0.014 / 


/os 
JS) 


A A 1 TO /AS 
0.01 /8 (9) 


A A1 AH 

0.014/ 


(8) 


A AA 1 A tn\ 

—0.0014 (/) 


A AAAA /£S 
0.0000 (6) 


A AAAA /H\ 

—0.0009 (/) 


PTO 

C3z 


a a 1 /: 1 

0.0161 


t o S 

,8) 


A HT^C / 1 AS 

0.0245 (10) 


a a 1 n £ 

0.0176 


(8) 


A AA 1 1 /OS 

0.0011 (8) 


A A A 1 A i 

0.0019 (6) 


A A AO ^ /OS 

-0.0026 (8) 


poo 
C33 


0.0158 


(7) 


A A 1 TO /A\ 

0.0173 (9) 


0.0124 


(7) 


A A A 1 C / "7 \ 

-0.0015 (7) 


A AAOT / £ \ 

0.0027 (6) 


A A A 1 £ /T\ 

-0.0016 (7) 


p O /i 

L34 


A A 1 P P 

0.0166 


,8) 


A A 1 £ £ /A\ 

0.0166 (9) 


A A 1 C A 

0.0150 


(7) 


A AAAC /"7\ 

-0.0005 (7) 


A AAAO /£\ 

0.0008 (6) 


0.0006 (7) 


P^T c 

C35 


A A1 A C 

0.0145 


/0"\ 

k / ) 


a a i c\n /AS 

o.oiy/ (yj 


A A 1 A 0 

0.0148 


(7) 


A AA1A fn\ 

0.0030 ( /) 


A AAO A i£\ 

0.0024 (6J 


A AA1 1 tn\ 
0.0013 (/) 


PO /" 

C36 


0.0139 


[1) 


A A 1 1A /A\ 

0.0179 (9) 


0.0153 


(7) 


A AA 1 O P1\ 

-0.0012 (7) 


A AAOO { £\ 

0.0023 (6) 


A AAO/" /n\ 

0.0026 (7) 


P • -> -7 

C3 / 


A A 1 A O 

0.0148 


po\ 

JS) 


A A 1 /TO /AS 

0.0162 (9) 


0.0199 


(8) 


A A A 1 A /"7S 

—0.0010 (/) 


A AAOO i £\ 

0.00Z8 (6) 


A AAO c in\ 

0.0025 (/) 


p • -> o 

C38 


A A 1 CiH 
0.019 / 


/o\ 

,8) 


A A 1 A£ /AS 

0.0196 (9) 


0.0241 


(9) 


A AA1A /OS 

-0.0030 (8) 


A AAO c sn\ 
0.0035 (/) 


A AA 1 O /OS 

—0.0018 (8) 


Pii n 

OlS 


0.03 34 


k') 


A f\1 1 O /OS 

0.0312 (8) 


0.0342 


(7) 


—0.0064 ( /) 


A AAOO f£\ 

0.0098 (6) 


A AAOO /"7S 

—0.0028 (/) 


P 1 c 

CIS 


0.0314 


Pi i\ 

(11) 


A AOAT / 1 /I \ 

0.0397 (14) 


0.0549 


(14) 


-0.0035 (11) 


A A 1 1 O / 1 A\ 

0.0113 (10) 


p\ pv i p /) P1 ON 

-0.0164 (12) 




0 07^1 

U.UZJ 1 


Ao"> 




0.0285 


(7) 


— n oni 8 (f>\ 

U.UU 1 o ) 


— A AA1 5 

U.UU 1 J ^ J ) 


A AA? 1 (ft\ 

U.UUZl {O) 


C2S 


0.0395 


(13) 


0.0212(11) 


0.087 (2) 


-0.0006(11) 


-0.0315 (13) 


0.0035 (13) 


03S 


0.0184 


(6) 


0.0216 (7) 


0.0205 


(6) 


-0.0016(6) 


0.0034 (5) 


-0.0008 (6) 


C3S 


0.0197 


(8) 


0.0247 (10) 


0.0280 


(9) 


0.0043 (8) 


0.0034 (7) 


0.0005 (9) 


04S 


0.0155 


(6) 


0.0302 (8) 


0.0243 


(6) 


-0.0002 (6) 


0.0016(5) 


0.0002 (6) 


C4S 


0.0249 


(9) 


0.0278 (11) 


0.0277 


(9) 


0.0022 (9) 


0.0056 (7) 


0.0017 (9) 



Geometric parameters (A, ") 



01— C19 


1.202 (2) 


C13— C14 


1.533 (2) 


02— C19 


1.351 (2) 


C14— H14A 


0.9900 


02— C21 


1.427 (2) 


C14— H14B 


0.9900 


03— C22 


1.415 (2) 


C15— C16 


1.511 (3) 


03— H30 


0.8400 


C15— H15A 


0.9900 


04— C23 


1.428 (2) 


C15— H15B 


0.9900 


04— H40 


0.8605 


C16— C17 


1.328 (3) 


05— C24 


1.419(2) 


C17— H17A 


0.9500 


05— H50 


0.8400 


C17— H17B 


0.9500 


06— C21 


1.411 (2) 


C18— H18A 


0.9800 


06— C25 


1.441 (2) 


C18— H18B 


0.9800 
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07 — 026 


1 /in /o\ 
1.423 (2) 


07 — H70 


A O A A A 

0.8400 


08 — C27 


1 yl A 1 Z"0\ 

1.401 (2) 


08 — C13 


1 -1 A"i f r i\ 

1.443 (2) 


09 — C33 


1.393 (2) 


nn po o 

09 — 028 


1.429 (2) 


f \ in pin 

(J 10 — C29 


1.4272 (19) 


/"~\ i r\ T T 1 A/"\ 

O10 — H10O 


A O A A A 

0.8400 


r\ 11 nn 

on — C30 


1 /IOC /1\ 

1.435 (2) 


r\ 11 tt 1 1 /~\ 

Oil — HllO 


A O yl A A 

0.8400 


012 — C27 


1 A 1 T /1\ 

1.417 (2) 


012 — 031 


1 -IT A / 1 A\ 

1.4360 (19) 


z"v n poo 

013 — C32 


1.429 (2) 


013 — H130 


A O A AA 

0.8400 


Z~\ 1 /I /" " A 

014 — C34 


1.415 (2) 


i a T T 1 /I /~i 

014 — H140 


A O A AA 

0.8400 


m; pic 
015 — CJj 


1.4zo (2) 


1 C TT1 CA 

015 — H150 


A O /I AA 

0.8400 


016 — C36 


1.431 (2) 


Z~\ 1 £ T T 1 / \ 

Olo — HloO 


A O A A A 

0.8400 


Ol / — C33 


1 /IOC /o\ 

1.425 (2) 


017 — C37 


1 A'yy z"o\ 

1.433 (2) 


018 — C38 


1.417 (2) 


/"~\ i o T T 1 Oz"\ 

018 — H180 


A O A A A 

0.8400 


f i po 
01 — 02 


1 OA ZO\ 

1.530 (2) 


01 — CIO 


1.548 (2) 


01 — H1A 


A AAAA 

0.9900 


/"• 1 TT1 T-J 

Ol — H1B 


A AAAA 

0.9900 


/~*i pt 
02 — 03 


1.520 (3) 


02 — H2A 


A AAAA 

0.9900 


C2 — H2B 


A AAAA 

0.9900 


C3 — C4 


1.545 (2) 


C3 — H3A 


A AAAA 
0.9900 


03 — H3B 


A AAAA 

0.9900 


04 — C19 


1 f Tl /O \ 

1.532 (2) 


f • A pin 

L4 — C 1 8 


1 C A 1 /"> \ 

1.541 (3) 


04 — 05 


1.566 (2) 


05 — 06 


1.534 (2) 


/If piA 

C5 — CIO 


1 CCA /1\ 

1.559 (2) 


/"<C TTC A 

C5 — H5A 


1 AAAA 

1.0000 


06 — 07 


1 OA ZO\ 

1.530 (2) 


06 — H6A 


A AAAA 

0.9900 


06 — H6B 


A AAAA 

0.9900 


O / — Co 


1.533 (2) 


07— H7A 


0.9900 


07— H7B 


0.9900 


08— C14 


1.551 (2) 


08— C9 


1.553 (2) 


08— C15 


1.558 (2) 



/"< 1 O T T 1 O f 

018 — H18C 


0.9800 


pi/\ TTOA A 

020 — H20A 


A AO A A 

0.9800 


C20 — H20B 


A AOAA 

0.9800 


C20 — H20C 


A AOAA 

0.9800 


z" 1 O 1 

021 — 022 


1.514 (2) 


Z" 1 O 1 T 1 

021 — H21 


1.0000 


022 — C23 


1.531 (2) 


pti Tj/n 

022 — H22 


1.0000 


023 — 024 


1.525 (2) 


C23 — H23 


1.0000 


024 — C25 


1 COA / \ 

1.529 (2) 


024 — H24 


1.0000 


z" 1 O C /" < /" 

025 — 026 


1.513 (2) 


025 — H25 


1 AAAA 

1.0000 


026 — H26A 


0.9900 


026 — H26B 


A AAAA 

0.9900 


027 — 028 


1.531 (2) 


/~i n t n "7 

027 — H27 


1 AAAA 

1.0000 


C28 — 029 


1.527 (2) 


028 — H28 


1.0000 


Z^IA P1A 

029 — 030 


1 C ^ /I /I \ 

1.524 (2) 


029 — H29 


1.0000 


C30 — 031 


1.532 (2) 


Z" 1 OA T T") A 

030 — H30 


1.0000 


031 — 032 


1 C 1 1 

1.513 (2) 


/""< O 1 III 1 

03 1 — H3 1 


1.0000 


032 — H32A 


c\ r\c\r\r\ 

0.9900 


032 — H32B 


A AAAA 

0.9900 


033 — 034 


1 C 1 1 

1.521 (2) 


033 — H33 


1.0000 


034 — 035 


1.523 (2) 


034 — H34 


1 AAAA 

1.0000 


035 — 036 


1 CO /I /o\ 

1.524 (2) 


035 — H35 


1.0000 


036 — 037 


1.531 (2) 


036 — H36 


1 AAAA 

1.0000 


037 — 038 


1.515 (3) 


037 — H37 


1.0000 


038 — H38A 


0.9900 


Z""00 TTlon 

038 — H38B 


A AAAA 

0.9900 


0 1 S — 0 1 s 


1 yl A A /O \ 

1.400 (3) 


OlS — HIOS 


0.8400 


/-i 1 o TT 1 Ci 1 

CIS — HISl 


A AOAA 

0.9800 


CIS— H1S2 


0.9800 


CIS— HI S3 


0.9800 


02 S — 02 S 


1.414(3) 


02S— H20S 


0.8400 


C2S— H2S1 


0.9800 


C2S— H2S2 


0.9800 
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C9— Cll 
C9— CIO 
C9— H9 
CIO— C20 
Cll— C12 
Cll— H11A 
Cll— HUB 
C12— C13 
C12— H12A 
C12— H12B 
C13— C16 



1.552 (3) 
1.573 (2) 
1.0000 
1.541 (2) 
1.543 (2) 
0.9900 
0.9900 
1.530 (2) 
0.9900 
0.9900 
1.522 (2) 



C2S— H2S3 
03 S— C3S 
03S— H30S 
C3S— H3S1 
C3S— H3S2 
C3S— H3S3 
04S— C4S 
04S— H40S 
C4S— H4S1 
C4S— H4S2 
C4S— H4S3 



0.9800 

1.445 (2) 

0.8400 

0.9800 

0.9800 

0.9800 

1.429 (2) 

0.8400 

0.9800 

0.9800 

0.9800 



CI 9— 02— C21 
C22— 03— H30 
C23— 04— H40 
C24— 05— H50 
C21— 06— C25 
C26— 07— H70 
C27— 08— C13 
C33— 09— C28 
C29— 010— H10O 
C30— Oil— HllO 
C27— 012— C31 
C32— 013— H130 
C34— 014— H140 
C35— 015— HI 50 
C36— 016— HI 60 
C33— 017— C37 
C38— 018— HI 80 
C2— CI— CIO 
C2— CI— HI A 
CIO— CI— H1A 
C2— CI— H1B 
CIO— CI— H1B 
H1A— CI— H1B 
C3— C2— CI 
C3— C2— H2A 
CI— C2— H2A 
C3— C2— H2B 
CI— C2— H2B 
H2A— C2— H2B 
C2— C3— C4 
C2— C3— H3A 
C4— C3— H3A 
C2— C3— H3B 
C4— C3— H3B 
H3A— C3— H3B 
CI 9— C4— CI 8 
CI 9— C4— C3 



116.36(14) 
109.5 
121.8 
109.5 

111.74(13) 
109.5 

118.89(13) 
114.62(13) 
109.5 
109.5 

111.60(13) 

109.5 

109.5 

109.5 

109.5 

112.25 (12) 
109.5 

113.84(14) 

108.8 

108.8 

108.8 

108.8 

107.7 

110.58(16) 

109.5 

109.5 

109.5 

109.5 

108.1 

113.25 (15) 

108.9 

108.9 

108.9 

108.9 

107.7 

106.17(15) 
108.65 (15) 



02— C21— H21 
C22— C21— H21 

03— C22— C21 
03— C22— C23 
C21— C22— C23 

03— C22— H22 
C21— C22— H22 
C23— C22— H22 

04— C23— C24 
04— C23— C22 
C24— C23— C22 

04— C23— H23 
C24— C23— H23 
C22— C23— H23 

05— C24— C23 
05— C24— C25 
C23— C24— C25 

05— C24— H24 
C23— C24— H24 
C25— C24— H24 

06— C25— C26 
06— C25— C24 
C26— C25— C24 

06— C25— H25 
C26— C25— H25 
C24— C25— H25 

07— C26— C25 
07— C26— H26A 
C25— C26— H26A 

07— C26— H26B 
C25— C26— H26B 
H26A— C26— H26B 

08— C27— 012 
08— C27— C28 
012— C27— C28 
08— C27— H27 
012— C27— H27 



110.3 
110.3 

106.71 (14) 
112.11 (15) 
107.43 (13) 
110.2 
110.2 
110.2 

111.11 (14) 

111.60(13) 

110.75 (14) 

107.7 

107.7 

107.7 

111.83 (14) 

106.70(13) 

109.58 (14) 

109.6 

109.6 

109.6 

107.76(14) 

109.17(13) 

113.97(15) 

108.6 

108.6 

108.6 

113.42(14) 

108.9 

108.9 

108.9 

108.9 

107.7 

105.51 (13) 

109.39(13) 

108.80(13) 

111.0 

111.0 
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pi o p a po 

C18 — C4 — C3 


1 AT *~\ £L / 1 A \ 

107.26 (14) 


C19 — C4 — C5 


11CA1 / 1 /I \ 

115. yi (14) 


1 O /I P C 

C18 — C4 — C5 


1 AA /'A / 1 C \ 

10y.64 (15) 


PO p A PC 

C3 — C4 — C5 


1 AO OT / 1 A \ 

108.87 (14) 


p /_ c P 1 A 

Co — C5 — CIO 


110.67 (13) 


p / p r p ,\ 

Co — C5 — C4 


116.57 (14) 


P 1 A PC A 

CIO — C5 — C4 


11/" AC / 1 C\ 

116.05 (15) 


p / f~\ r TTC A 

Co — C5 — H5A 


103.9 


pi a PC TTC A 

C 1 0 — C5 — H5 A 


1 A 1 A 

103.9 


p J PC TTC A 

C4 — C5 — H5A 


103.9 


p-7 p / PC 

C7 — Co — C5 


1 AA AO / 1 /I \ 

109.08 (14) 


p-7 p /_ TTzT A 

C7 — Co — Ho A 


1 aa a 

109.9 


PC p /_ tt/ a 

C5 — Co — H6A 


1 aa a 

109.9 


p -7 p / TTPTi 

C7 — Co — H6B 


1 AA A 

109.9 


PC P/" TT/"n 

C5 — C6 — H6B 


109.9 


Ho A — Co — Hob 


1 AO O 

108. J 


p /-_ PT PO 

Co — C7 — Co 


1 1 A 1 C /1 C\ 

114.15 (15) 


Co — C7 — H7A 


1 AO *7 

108.7 


po pt t n A 

C8 — C7 — H7A 


108.7 


Co — C7 — H7B 


1 AO '7 

108.7 


Co — C / — H/B 


108. / 


tt"7 a t~~*H rnn 

H7A — C7 — H7B 


107.6 


p -7 PO P1 A 

C7 — C8 — C14 


11/1 AO / 1 /I \ 

114.08 (14) 


r~*H p o pa 

C7 — C8 — C9 


111 A^> / 1 O \ 

111.02 (13) 


C14 — C8 — cy 


in on /i c\ 

llz.oU (Id) 


p -7 PO p 1 c 

C7 — C8 — CI 5 


11A A/" / 1 C \ 

110.06 (15) 


P 1 /I P O P 1 c 

C14 — C8 — C15 


AA /I t\ 

99.22 (13) 


p n po pic 

C9 — C8 — C15 


1 AO A /_ /I T\ 

108.96 (13) 


1 1 / v\ /~* o 

Cll — C9 — C8 


1 1 A A A /n^ 

110.90 (13) 


p 1 1 pa p 1 a 

Cll — C9 — CIO 


11/1 A1 / 1 C\ 

114.91 (15) 


c • o pa n a 

C8 — C9 — CIO 


1 1 / OT / 1 yi \ 

116.87 (14) 


Cll — C9 — Hy 


1 A /I 1 

104.1 


r~< o /~<n un 

Co — cy — Hy 


1 A/1 1 

1U4.1 


P1 a PA TTH 

CIO — C9 — H9 


104.1 


p^A P1A z' 1 1 

C20 — CIO — CI 


1 AO 1/1 / 1 C\ 

108.14 (15) 


C20 — CIO — C5 


113.13 (14) 


P 1 P 1 A P C 

CI — CIO — C5 


1AO O T /1 /I \ 

108.87 (14) 


P'TA P1 a pa 

C20 — CIO — C9 


i 1 o c /I / 1 o \ 

113.54 (13) 


P 1 P 1 A PA 

CI — CIO — C9 


1 A/" /I/" /I 1\ 

106.46 (13) 


PC P 1 A PA 

C5 — CIO — C9 


1 A/" A") / 1 /l \ 

106.43 (14) 


P 1 <-N p J 1 P ("\ 

C12 — Cll — C9 


11/" 11 /1>1\ 

116.11 (14) 


pi i P11 TT11A 

C12 — Cll — H11A 


1 AO O 

108.3 


PA P11 TT11A 

C9 — Cll — H11A 


1 AO O 

108.3 


Cl2 — Cll— HUB 


108.3 


C9— Cll— HUB 


108.3 


HllA— Cll— HUB 


107.4 


Cl3— Cl2— Cll 


110.56(15) 


Cl3— Cl2— H12A 


109.5 


Cll— Cl2— H12A 


109.5 



PO/O 1 0 ~7 TTOT 

C28 — C27 — H27 


111.0 


09 — C28 — C29 


109.91 (13) 


pa poo pn 

09 — C28 — C27 


1 A/" O O / 1 O \ 

106.83 (13) 


POA PTO POT 

C29 — C28 — C27 


111 TO /10\ 

111.73 (13) 


PiA POO TTTO 

09 — C28 — H28 


109.4 


C29 — C28 — H28 


109.4 


pi i~\ i~t /~1 r\ o TT^O 

C27 — C28 — H28 


109.4 


O10 — C29 — C30 


■\ f\r\ a i / 1 o \ 

109.91 (13) 


pvi a POA pio 

0 1 0 — Cz9 — Cz8 


1 AO yi O / 1 O \ 

108.48 (13) 


POA P^A PIO 

C30 — C29 — C28 


111 n / 1 o \ 

111.57 (13) 


P1A PIA TT^n 

O10 — C29 — H29 


1 AO A 

108.9 


C30 — C29 — H29 


108.9 


P'TO p^a TTTH 

C28 — C29 — H29 


108.9 


/~\ 1 1 POA P^>A 

Oil — C30 — C29 


1 AT CO / 1 O \ 

107.58 (13) 


Oil — C30 — C31 


1 10.68 (14) 


P'lA PIA p ") 1 

C29 — C30 — C31 


111 OO /10\ 

111.33 (13) 


/ \ 1 i p O A TTTn 

Oil — C30 — H30 


1 AA 1 

109.1 


P->A p-)A TTOA 

C29 — C30 — H30 


109.1 


C31 — C30 — H30 


109.1 


P\ 1 P ") 1 P 1 1 

012 — C31 — C32 


1 A/" A') / 1 >1 \ 

106.02 (14) 


/~\ 1 1 p ") 1 p o A 

0 1 2 — C 3 1 — C3 0 


1 AA C C / 1 O \ 

109.55 (13) 


P O ^ P 1 1 P 1 A 

C32 — C31 — C30 


111 y^1 / 1 vl \ 

111. 61 (14) 


012 — C31 — H31 


109.9 


/"'I -» P") 1 TT') 1 

C32 — C31 — H31 


109.9 


POA po 1 t TO 1 

C30 — C31 — H3l 


1 AA A 

109.9 


/"~V 1 O "> ^ /T> 1 

013 — C32 — C3l 


110 C1 / 1 A \ 

H2.51 (14) 


013 — C32 — H32A 


109.1 


p o •« p o T TO 1 A 

C3 1 — C32 — H32A 


109.1 


Oli — C32 — H32B 


1 A A 1 

109.1 


O 1 /"i o r\ T TO O T~i 

C3 1 — C32 — H32B 


109.1 


TTOO A O O TTOOTi 

H32A — C32 — H32B 


107.8 


/ \l\ POO 1 — T 

09 — C33 — 017 


1 AT AC / 1 O \ 

107.95 (12) 


pr\ POO • "> 1 

U9 — C33 — C34 


1 AO lO /1 A\ 

108.18 (14) 


017 — C33 — C34 


i o yi r /io\ 

108.45 (13) 


/"~\A POO TTOO 

09 — C33 — H33 


110.7 


/ -\ l — 7 POO TTOO 

017 — C33 — H33 


110.7 


p ■-} A POO TTOO 

C34 — C33 — H33 


110.7 


A /~11 A /~10 O 

014 — C34 — C33 


110 1 O /10\ 

1 12. 1 8 (13) 


Pi 1 A P O /I P O C 

014 — C34 — C35 


1AO C/" /10\ 

108.56 (13) 


POO PO A PO C 

C33 — C34 — C35 


1 AO 1 C / 1 C\ 

108.75 (15) 


Pi 1 A P O /I T TO A 

014 — C34 — H34 


109.1 


/~1 O O O A TTO A 

C33 — C34 — H34 


109.1 


PO C PO A TTO A 

C35 — C34 — H34 


109.1 


015— C35— C34 


111.25 (15) 


015— C35— C36 


108.94 (13) 


C34— C35— C36 


109.21 (14) 


015— C35— H35 


109.1 


C34— C35— H35 


109.1 


C36— C35— H35 


109.1 
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p -1 o p 10 ttii r-) 

C13 — C12 — H12B 


109.5 


p i i s~~> \ r\ T T 1 O Tl 

Cll — C12 — H12B 


109.5 


T T 1 O A P | o tti 

H12A — C12 — H12B 


1 AO 1 

108.1 


08 — C13 — C16 


115.42 (13) 


o PI 1 O p 1 o 

Oo — C13 — C12 


104.55 (14) 


Clo — Cl3 — C12 


109.75 (14) 


08 — C13 — C14 


115.29 (13) 


C16 — C13 — C14 


103.64 (15) 


p i ^ p \ -) p i a 

L12 — C13 — C14 


108.04 (13) 


C13 — C14 — C8 


1 /\ 1 /-i o /1'7\ 

101.28 (13) 


P 1 /I TTI /I A 

C13 — C14 — H14A 


111 C 

111.5 


f * ci /"I 1 A T T 1 A A 

C 8 — C 1 4 — H 1 4 A 


111.5 


p 1 O /~1 1 /i T T 1 /I I~"> 

C13 — C14 — H14B 


111.5 


/ 1 o P1 /I TT1 /IT* 

C 8 — C 1 4 — H 1 4B 


111.5 


T T 1 A A /"i 1/1 T T 1 >1 T~i 

H 1 4 A — C 1 4 — H 1 4B 


109.3 


C16 — C15 — C8 


\ f\ s~ f\C\ /1 A\ 

106.09 (14) 


pi / P 1 C TTI f » 

Clo — L15 — HI 5 A 


1 1 A C 

110.5 


p o p i <r tti r j 

C8 — C15 — HI 5 A 


no. 5 


Cl6 — Cl5 — H15B 


110.5 


pi o /" 1 c tti f T"-) 

C8 — C15 — H15B 


110.5 


TTI f » p \ r TTI f I - ") 

Hi 5 A — CI 5 — H15B 


1 no *7 

108.7 


C17 — Clo — C15 


1 n an /i ^\ 

127.79 (17) 


C17 — C16 — C13 


1 --\ J- ^7/^ /ION 

125.76 (18) 


C15 — Clo — C13 


i a/" OA /1 /1\ 

106.39 (14) 


p 1 s /-i i n tti n i 

C 1 6 — C 1 7 — H 1 7 A 


1 ^ n n 

120.0 


/~1 1 S r~\ 1 ^7 TTI ^T~i 

Clo — C17 — H17B 


120.0 


T T 1 T A 1 "7 T T 1 ^ T~^l 

H17A — Cl7 — H17B 


120.0 


p J p -i o T T 1 O A 

C4 — C 1 8 — H 1 8 A 


109.5 


t~< a 1 o tti on 

C4 — C 1 8 — H 1 8B 


109.5 


T T 1 O A /" I 1 O T T 1 CtTt 

H18A — Cl8 — H18B 


109.5 


p a c - \ o T T 1 O P 

C4 — C18 — H18C 


109.5 


T T 1 O A /" ■> 1 o TTI O /" ' 

H18A — C18 — H18C 


109.5 


tti on p 1 o tti or 

H18B — C18 — H18C 


109.5 


01 — Cl9 — 02 


122.83 (16) 


01 — C19 — C4 


125.09 (16) 


02 — C19 — C4 


111 r* o /1^\ 

111. 98 (15) 


C 1 0 — C20 — H20A 


109.5 


p i r\ p on t TO i\ I~"> 

CIO — C20 — H20B 


109.5 


TTin a /" t -» /\ TTTAn 

H20A — C20 — H20B 


109.5 


CIO — C20 — H20C 


1 AA C 

109.5 


H20A— C20— H20C 


109.5 


H20B— C20— H20C 


109.5 


06— C2 1—02 


105.37 (14) 


06— C21— C22 


112.14(14) 


02— C21— C22 


108.39 (13) 


06— C21— H21 


110.3 



016 — C36 — C35 


110.05 (14) 


/ ~\ i / /" • -> /_ rein 

016 — C36 — C37 


1 AA OO / 1 A \ 

109.22 (14) 


C35 — C36 — C37 


109.37 (13) 


016 — C36 — H36 


1 An 

109.2 


C35 — C36 — H36 


1 AA O 

109.2 


C37 — C36 — H36 


109.2 


An /-< -) -7 POO 

017 — C37 — C38 


1 A/" O *7 / 1 A \ 

106.37 (14) 


017 — C37 — C36 


1 AA OA { 1 /I \ 

109.80 (14) 


C38 — C37 — C36 


112.43 (14) 


rii n /~i -> -7 tt^h 

017 — C37 — H37 


109.4 


POO P")T t TO T 

C38 — C37 — H37 


1 AA A 

109.4 


C36 — C37 — H37 


109.4 


018 — C38 — C37 


110 OC 

112.25 (14) 


C \ 10 POO t TO O A 

018 — C38 — H38A 


1 AA O 

109.2 


c ' o "7 P O O T TO O A 

C37 — C38 — H38A 


109.2 


Pi 1 O P O O T TO on 

018 — C38 — H38B 


109.2 


p o "7 POO TTOOFJ 

C37 — C38 — H38B 


1 AA O 

109.2 


TTOO A POO TTTOn 

H38A — C38 — H38B 


1 (\n a 

107.9 


P 1 C" 1 C T T 1 Pi O 

CIS — OlS — HIOS 


109.5 


/~i 1C p 1 C TT1C1 

OlS — CIS — H1S1 


1 AA C 

109.5 


OlS — CIS — H1S2 


1 An c 

109.5 


TT1CM p 1 o tti 

HI SI — CIS — H1S2 


1 AA C 

109.5 


C \ 1 C 1 P 1 C TTI fll 

OlS — CIS — H1S3 


109.5 


tti c 1 P1C TT1CO 

HI SI — CIS — HI S3 


1 AA C 

109.5 


TTI 1 O TTI PI 

H 1 S2 — C 1 S — H 1 S3 


1 nn c 

109.5 


C2S — 02S — H20S 


109.5 


C \ ~\ O p O O T T^ C 1 

02S — C2S — H2S1 


109.5 


02S — C2S — H2S2 


1 AA C 

109.5 


H2S l — C2S — H2S2 


1 An c 

109.5 


/"\--\ £-i p o O T T"0 O O 

02S — C2S — H2S3 


109.5 


T TO O 1 P O O T TO C O 

H2S1 — C2S — H2S3 


109.5 


T TO CO PIC T TO C O 

H2S2 — C2S — H2S3 


1 An c 

109.5 


fi-)C P*0 C T TO /"iC 1 

C3 S — 03 S — H3US 


1 An c 

109.5 


/^O C PO C" TTO C" 1 

03S — C3S — H3S1 


109.5 


C P O C 1 T TO C O 

03S — C3S — H3S2 


109.5 


TTO C1 p O O TTOCO 

H3 S 1 — C3 b — H3 S2 


1 AA C 

109.5 


p -> O POC TTOCO 

03S — C3S — H3S3 


1 AA C 

109.5 


T TO C 1 P O C TTOCO 

H3S1 — C3S — H3S3 


109.5 


TTOCO P O C TTOCO 

H3S2 — C3S — H3S3 


109.5 


C4S — 04S — H40S 


1 nn c 

109.5 


04S — C4S — H4S1 


109.5 


04S— C4S— H4S2 


109.5 


H4S1— C4S— H4S2 


109.5 


04S— C4S— H4S3 


109.5 


H4S1— C4S— H4S3 


109.5 


H4S2— C4S— H4S3 


109.5 
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Hydrogen-bond geometry (A, ") 



D—K-A 


D — H 


n-A 


D-A 


d — n-A 


045— H405-013' 


0.84 


1.90 


2.7330 (17) 


169 


03S— mos-oiv 


0.84 


1.88 


2.7115 (19) 


170 


025— H205-08 11 


0.84 


1.90 


2.7381 (19) 


177 


018— H180 -025* 


0.84 


1.86 


2.6857 (19) 


167 


015— H15O010 iv 


0.84 


2.22 


3.0000(19) 


154 


014— H140-O18 v 


0.84 


1.91 


2.6983 (19) 


157 


013— H130-07 1 " 


0.84 


1.91 


2.7080(19) 


158 


on— 11110-035* 


0.84 


1.89 


2.7248 (17) 


169 


010— H10O-O16™ 


0.84 


1.88 


2.7217(18) 


177 


07— 1170-015" 


0.84 


1.96 


2.777 (2) 


166 


015— H105-O1 


0.84 


2.08 


2.860 (2) 


154 


016— HI 60-045 


0.84 


1.83 


2.6558 (17) 


168 


05— H50-O35 


0.84 


1.99 


2.8081 (17) 


166 


04— H40-015 


0.86 


2.38 


3.2012 (17) 


160 


03— H3 0-01 5 


0.84 


1.94 


2.7569(17) 


165 


Symmetry codes: (i)x-l,y, z; ( 


ii) x-\,y+\,z; (iii) x+\,y-\,z; (iv) -x+2, y+l/2, 


-z+1; (v)x,y+l, z; (vi) 


-x+2,y-V2,-z+l. 
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